Abstract-We present a robust web server called Phytree of a query gene for phylogenetic analysis from the latest protein database with a user-friendly, interactive graphical user interface. Phytree of a query gene combines a BLAST search with a suite of tools that allows interactive, phylogenetic-oriented exploration of the BLAST results and flexible selection of homologous sequences among the BLAST hits. Once the selection of the BLAST hits is done, the corresponding sequences can be passed to the phylogenetic tree reconstruction pipelines (multiple alignment, data process, phylogenetic reconstruction, tree visualization). As the major technological innovation, selection of a meaningful subset of BLAST hits is implemented using pipeline programming and tree visualization used Java-based recursive method that allows trees to be integrated and viewed seamlessly in standard web browsers with no extra software required. Phytree of a query gene only needs users to copy their amino acid sequence of their query gene to the input box, and the phylogenetic tree will be built once and for all. This function is very practical for non-specialist in phylogeny. Moreover, Phytree of a query gene introduces several new methods in treatment of intermediate results, which makes it much faster, easier and more accurate, robust in phylogenetic tree reconstruction. It is specially designed for users who have no experience in phylogeny. It is freely available on our web page:
INTRODUCTION
Nowadays, with the advent of ultra-high throughput next generation sequencing technologies, hundreds of "unknown genes" are sequenced, which far exceed our ability to manually assign any meaningful annotation to them. To analyze the flood of 'unknown' or 'hypothetical' sequences in a reasonable time frame, automated methods are essential. These often rely on the assumption that sequences have the same function as their closest relatives [1] . The use of the trees to find the closest relatives, by inferring a phylogeny for each sequence, is a more robust but computationally demanding approach [2, 3] .
Fast and accurate estimation of phylogenies and determination of genetic and phylogenetic divergence and diversity of molecular sequences are widely used in most biological laboratories. A typical phylogenetic analysis of a query gene involves several steps, including similarity search, multiple sequence alignment, phylogenetic reconstruction, visualization of the inferred tree, and calculation of evolutionary measures. Currently, the most comprehensive list of phylogenetic resources can be found at the University of Washington in Seattle.
(http://evolution.genetics.washington.edu/phylip/software.html) [4] . But many such servers run a single tool or program whereas others bring together many of these most popular programs of phylogenetic reconstruction. Moreover, these tools that run their programs once can only construct a phylogenetic tree from a set of sequences. So far there is no a user-friendly robust web service for phylogenetic tree reconstruction from a query gene efficiently.
Phytree of a query gene aims to satisfy the users who do not wish to deal with program and parameter selection. Most bench scientists use a web browser to obtain gene sequences from databanks in a complex process that results in the mundane and frustrating task of cutting and pasting sequences from the web browsers, or saving them to files before processing them for sequence alignment. The main contribution of Phytree of a query gene lies in that it replaces a time-consuming, multi-step and error prone manual process with a simple and easy procedure. If a new gene is cloned, the users only need to translate the gene to amino acids, and then copy the sequences to the input box; the phylogenetic tree can be obtained from our web. Comparing with other websites, it doesn't need the users to run Blast program, to download similar sequences from NCBI or other websites, to bring the sequences together and to produce format file of the sequences by themselves. Therefore, it is very useful and easy for biologists with no experience in phylogeny, but can also meet the needs of specialists. Phytree uses ML algorithm, which is commonly recognized as the most accurate approach (along with Bayesian) in molecular evolutionary analysis. It is an integrated workbench including homologs Blast search, multiple sequence alignment, phylogenetic reconstruction and tree visualization. Moreover it is implemented via Java and introduces several new methods in optimizing the Blast results and tree visualization, which not only improve the accuracy but also accelerate the speed and shorten the runtime of phylogenetic tree reconstruction. Therefore, it may serve as a valuable and efficient tool for genetic analysis of a query gene.
I. OUTLINE
Phytree server is free and open to all users and there is no login requirement. It is mainly used for phylogenetic analysis. Users are expected to upload the FASTA file of the query protein sequence, customize the program parameters and submit a job. A job identity number, namely the JOB ID, is assigned to each job by the web server, and the number is appended to a job queue in the back-end server. Users may use the JOB ID to check the status of the submitted job and download his results from the web site or the same way by his email. Meanwhile, the runtime of every step in the pipeline of phylogenetic tree reconstruction is computed and displayed in the web page. Input data for Phytree execution are amino acid sequence. This Phytree pipeline consists of a succession of Java servlet wrapping different external software programs ( Figure. 1), which can be executed in building various phylogenetic trees described below.
By default, the Phytree pipeline is already set up to run and connect well-recognized programs: We employ BLAST tool package to search similar sequences, screen suitable blast results from Blast tables using our own newly-created data filtering algorithms, use ClustalW tool for multiple alignment, refine the alignment results which could quickly find and eliminate some of these offending sequences, apply TREE-PUZZLE tool for tree building and modifying phylogenetic tree and at last we visualize the tree file and produce the tree image of JPG format. Of course you can adjust the program parameters through parameter set. It is crucial to be informed that by default the tree includes 31 branches or much fewer if its homologs of the gene you submitted are fewer by default. The maximum number of phylogenetic tree branches can amount to 101. To our knowledge, when the tree branches are too many, its running speed will be lower. If users need its homologs of the gene, they can download it after completing the BLAST program. 
A. Software programs selection
These software programs of phytree pipeline are very popular in many well-known biological laboratories. BLAST is one of the most widely used bioinformatics programs [5, 6] , because it addresses a fundamental problem and the algorithm emphasizes speed over sensitivity. This emphasis on speed is vital to make the algorithm practical on the huge genome databases currently available, although subsequent algorithms can be even faster. As for multiple sequence alignments, there are several widely-used packages e.g. Clustal W [7, 8] , Clustal X [9, 10] , T-Coffee [11] , MAFFT [12] and MUSCLE [13] . Clustal is the oldest of the currently most widely used programs having been first distributed by post on floppy disks in the late 1980s. T-Coffee is able to make very accurate alignments of very divergent proteins but only for small or moderate sets of sequences, given its high computational cost. MAFFT and MUSCLE are extremely fast. In terms of alignment accuracy, they are at least as accurate as clustal. Nonetheless, ClustalW is still the most popular alignment tool to date even though it has been shown to be not as fast as modern alignment programs.
There are several methods for phylogenetic tree reconstruction as we know, for example, maximum likelihood method using PhyML [14, 15] or TREE-PUZZLE [16] , or distance-based methods using BioNJ [17] or Neighbor (NJ) [18] from PHYLIP [19] . Distance methods are very fast and should be preferred for large-scale analyses, or when performing bootstrap studies. Parsimony and ML methods are recognized roughly as fast in practice; they are able to analyze relatively large datasets, but become quite slow with bootstrap. ML is commonly reported as the most accurate approach. In practice, when a more sophisticated ML analysis is required users should run PhyML version aLRT or TREE-PUZZLE. Phytree runs maximum likelihood method, TREE-PUZZLE analysis of phylogenetic tree reconstruction. Major differences between PhyML and TREE-PUZZLE are: 1) PhyML is faster than any other ML algorithm of phylogenetic reconstruction, 2) TREE-PUZZLE uses a quartet-puzzling method instead the more classical heuristic searches for tree searching, 3) TREE-PUZZLE reports reliability values while the PhyML method reports Felsenstein's bootstrap values and aLRT-related statistics branch support.
B. Genomes and databases
The non-redundant (nr) sequence database is obtained from the NCBI website (www.ncbi.nlm.nih.gov) in November 24, 2010.
C. Sequence similarity searching
Sequence user inputted is compared with the latest nr (non-redundant) sequence database using BLAST-2.2.23+-ia32, and its interface is designed as the Figure 2 . The BLAST result (table) after blast search is analyzed for the appearance of a homologue in the table with an expectation value (the probability of finding a sequence-similarity match of a given quality in a database of a given size purely by chance10) e < 10 . And then, the high-scoring segment pairs (HSPs) of the query sequence with coverage greater than 50% was extracted [20] . Besides these parameters, to determine what 'good' is, we introduce a criterion that will allow our computer to read the BLAST table so as to see where the 'good' hits end and the poorer' ones begin. We call this criterion the fall-off point. It uses the circumstance that hits in a BLAST table are listed from top to bottom in order of descending quality. The fall-off point is determined by reading the expectation values from the best hit downwards in the BLAST table, taking the quotient of the two adjacent expectation values along the way (i.e. in a 1/2, 2/3, 3/4, 4/5, ... i/j manner) and noting the corresponding organism names in the process. The fall-off is the point at which the quotient reaches a specified threshold, for example 10 -10 . As a threshold, we find 10 -10 to be convenient, because smaller thresholds simply include sequences that are more distant related to the query gene. This selection procedure gathers sequences in order of decreasing quality. From the BLAST table, above the fall off point are selected for alignment and phylogenetic analysis. The proteins are then written out into files and aligned using CLUSTAL W. At the end of the selection process, homologous sequences can be attained in FASTA format through clicking the button of "Download all the similar sequences" or the button of "Download the sequences of tree". Users can also control the tree's clades through choosing the number of best sequences from the 'good' homologues. The selected sequences are then passed to the pipelines of phylogenetic tree reconstruction through clicking "start" button ( Figure 3) . 
D. Multiple alignment and phylogenetic tree reconstruction
Notably, many of the alignments have poorly conserved regions that contain numerous gaps. To avoid obtaining spurious results, which such highly gapped regions might produce, positions in the alignments at which a gap existed in > n/2 sequences (n= the number of all the alignment sequences) are filtered using our own method. The alignment sequences are then realigned to resolve gapping problems. We compare all alternative sequences' lengthes and purge these untidy hits from head and tail two directions towards the middle of the sequences. Trees are then inferred from these purged alignments using protein maximum likelihood using TREE-PUZZLE.
E. Tree visualization
Here we design a java-based method for tree visualization without using ready-made software packages, which makes the tree display more diverse and clearer. It is possible to view a tree both with its branch lengths and simultaneously with the support values for the internal branches. Users can also download the NEWICK format result (Figure 4) with YourjobId.tre and open it with the programs TreeView [21] , TreeDyn [22] , or MEGA4 [23, 24] . If users have installed MEGA4 packages, they just need to double click the tree file; the tree will be displayed without any other operation. It is much more convenient for users to adjust the tree format which is met for the requirement of paper publication. In the tree visualization algorithm, we use the recursive algorithm to draw different length tree branches according to their phylogenetic distances. We use java AWT package (Abstract Windowing Toolkit) to visualize the tree and output the tree as JPG format images.
III. DISCUSSION AND CONCLUSIONS
Phytree of a query gene is a robust web server to perform fast, accurate, and automated phylogenetic analysis of a query gene in a user-friendly interface. It is implemented an automated intelligent filtering of BLAST hits before phylogenetic reconstruction and facilitated the use of a phylogenomic approach in sequence annotation and gene function research. In contrast with BLAST Explorer [25] , the hit filtering method is optimized for sequence annotation and the runtime of pipelines was shortened without using too many ready-made software packages. To be our knowledge, Phylogena is also a standalone application for phylogenetic annotation of unknown sequences [26] . In contrast with phytree of a query a gene, Phylogena does not allow retrieving the selected sequences for external analysis. Phytree is web-based, no installation on personal computer and no regular update of the sequence databases are required. Thus it is much more suited to non-specialist.
However, automated methods are powerful, but also have drawbacks. For example, the tools and parameters we provided are too few that couldn't satisfy the need of users who prepare to use special software and set certain parameters. Therefore we are dedicated to improving these limitations and add some new functions in the future, e.g., build many trees once and display all the trees in order in one page.
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